Abstract: Waterpipe tobacco smoking (WTS) is spreading worldwide. Research has indicated health consequences of WTS similar to cigarettes. Prevalence of WTS is high among young people. In Lebanon, current use rates of 35% have been documented among 13-15 year olds. We evaluated a school-based intervention. Method: We conducted a randomized-controlled-trial of a theory-informed WTS intervention. The intervention consisted of ten sessions based on social cognitive theory and the social influences approach. Thirty-one schools participated: 14 intervention and 17 control; a total of 1279 students completed pre and post assessments. We measured knowledge, attitudes and self-reported behaviors related to WTS using Chi-square tests and regression analyses to compare results between the two study arms. Results: The intervention increased knowledge of intervention group compared to control group participants-about WTS constituents and health consequences; and shifted attitudes of intervention group participants to be even more unfavorable towards WTS. We found no impact of the intervention on WTS behaviors. Discussion: The effectiveness of the intervention on knowledge and attitudes supports previous research. The lack of intervention effect on behavior is not surprising given the timing of the post assessment immediately after the intervention, and the social context that was supportive of waterpipe use.
Introduction
Despite misconceptions that it is safer than cigarettes [1, 2] , waterpipe tobacco smoking (WTS) has been linked to a variety of short term and long-term health consequences, including respiratory illness, cancer, cardiovascular diseases, and mental ill health [3] [4] [5] [6] [7] [8] . Because of the evidence of health effects, the World Health Organization first released a WTS advisory note in 2005, and recently released an updated version [9] . WTS has become pandemic, with use documented in every continent [10] [11] [12] [13] [14] . Prevalence is especially high among young people [13] [14] [15] . In some global regions such as the Eastern Mediterranean region, current WTS rates (smoking at least once in the past month) reach 37% among 13-15 year olds [16, 17] . Generally, WTS patterns among young people indicate mostly intermittent use; with 55%-78% reporting WTS once a month or less [14, [18] [19] [20] .
In Lebanon, the high prevalence among increasingly younger age groups is alarming and calls for immediate intervention. The Global Youth Tobacco Survey (GYTS) conducted in 2011 with a nationally representative sample of youth (13-15 years old) in grades 7-9, indicated that 34.8% of students were current waterpipe smokers with no differences by gender [21] . In addition, comparative data between the GYTS in Lebanon in 2001 and 2005 indicates a decrease in prevalence of cigarette smoking but an increase in prevalence of WTS [22] . In terms of patterns of use, recent evidence from a longitudinal study of school children (mean age 14 years) indicates that among current waterpipe tobacco smokers, 47% smoked less than once per week, 38% weekly but not every day, 16% everyday/almost every day [23] .
A variety of factors have been found to influence WTS among youth [1, 13, 24] . Akl et al. [1] found that positive attitudes and misperceptions about harm were associated with increased WTS. In addition, peer pressure as well as family influences increased WTS. The absence of organizational-including school-based-and national policy also increased WTS. Best practices for tobacco control suggest the importance of intervention at individual interpersonal, organizational, community and policy levels [25] [26] [27] [28] . The best practices described above are a result of decades of research on cigarette smoking. Though WTS is a form of tobacco use, several aspects differentiate it from cigarette smoking including toxicants, patterns of smoking, social norms, policy environments, and the extent of current evidence [24] . These differences likely necessitates adaptation rather than adoption of cigarette-based tobacco-control interventions to waterpipe. A recent review of WTS interventions evaluated to date stated that "there is a lack of evidence of effectiveness for most waterpipe interventions" [29] .
School-based smoking prevention programs have been a central component of comprehensive tobacco control strategies [30] [31] [32] [33] . There is mixed evidence on the efficacy of school-based cigarette smoking prevention interventions. An analysis of 49 randomized controlled trials (RCT) (including over 140,000 school children) aiming to prevent children who had never smoked cigarettes from becoming smokers found an average 12% reduction in smoking initiation for the intervention compared to the control groups at greater than one year post intervention [34] . However, no overall effect was detected at one year or less. The effectiveness of interventions in schools has been found to be further enhanced by school policies that enforce nonsmoking on campus [35, 36] . When assessing intervention approaches, the combined social competence and social influences interventions were found to be more effective than other programs [34] . Social competence interventions focus on enhancing life skills (such as decision making), cognitive skills (such as refusal skills), and self-esteem/control; while social influence interventions focus on enhancing awareness of the social influences on tobacco use, and providing skills to resist peer pressure. Other studies have indicated that school-based programs to prevent and control tobacco use have limited effects in the absence of other community and policy interventions [32, 37, 38] , highlighting the need for a comprehensive approach to tobacco control [39] .
Individual or group interventions to prevent or control youth WTS are still scant [29] , but have shown generally positive results. Anjum et al. [40] assessed the impact of a school-based education intervention on knowledge, attitudes and behaviors of 14-18 year olds students (mean age; 15 years) using a pre post-test design. They found significant changes in knowledge and attitudes at post-test (two months after initiation of intervention) as compared to pretest; no significant differences were found in behavior. Stamm-Balderjahn et al. [41] tested the impact of an education intervention targeting high school and vocational school students using a quasi-experimental pre post-test design. At 6-months post-intervention, non-smoking students in the intervention groups were significantly less likely to have taken up waterpipe smoking than those in the comparison group; no differences by group were seen in those who had already been smoking at baseline. Quadri et al. [42] tested the impact of an educational intervention provided to high school and college students in class (mean age; 20 years) on knowledge of oral health consequences of tobacco use; and found increases in knowledge pre and post intervention. In a pre-posttest design, Essa-Haddad et al. [43] tested the impact of a tailored web-based intervention on tobacco use directed at college students (mean age; 25 years) and found no increases in knowledge but statistically significant decreases in waterpipe smoking one-month post intervention.
Perhaps the most methodologically and theoretically robust study to date was conducted by Lipkus et al. [44] . Researchers conducted a randomized pre-posttest control group design to test the impact of an online intervention directed at college students (mean age; 20 years) and focused on receiving information about waterpipe harm and exposure. They found significant increases in the intervention group in perceived and factual knowledge, in perceptions of risk and worry about harm and addiction, and in reported desire to quit immediately after receiving this information intervention compared to comparison group. Further, the effect of receiving information on desire to quit was mediated by changes in attitudes (perceptions of harm and worry). In a similar follow-up study, Mays et al. [45] tested the effectiveness of an online intervention by randomizing young adults (mean age; 25 years) to three conditions: control, information about waterpipe harm, and information about waterpipe harm and addiction. Immediately post intervention, those who had been randomized to the harm condition had significant increases in perception of the harm and addictiveness of WTS and in desire to quit as compared to the control condition. There were no differences between the harm and addiction conditions. Islam et al. [46] tested the impact of text and pictorial health warnings placed on the waterpipe and its accessories on motivation to stop or reduce smoking of ever and current WTS college students (mean age; 22 years). Ever users were significantly more likely to be motivated to stop or reduce smoking than current users for almost all pictorial warnings and some text warnings. Sutfin et al. [47] tested the impact of point-of-sale communication about the constituents in waterpipe tobacco smoke. Their messages were developed based on theoretical constructs and pilot tested prior to use. All the messages resulted in an increase in perceptions of health risks and addiction. The main limitations of the above studies include lack of representative samples (convenient or purposive samples); methodologically weaker designs (quasi experimental design, no randomization, only post-test measures); and few theoretically-driven intervention designs. Interventions varied in exposure time but were mostly brief (one time online exposure, presentations, 2hr face-to-face lectures, brochure etc,) and mostly composed of knowledge rather than skill building. Intervention sites varied: school, hospital, point of sale, web or online, lab; and not all were waterpipe specific interventions.
With the above limitations in mind, we developed a WTS intervention that was theory-based, with higher intervention dose than previous interventions; and tested its effectiveness in changing knowledge, attitude and behavior, using a robust RCT evaluation design of a nationwide representative sample of school students in 6th and 7th grades in Lebanon. This paper describes the intervention, its evaluation design, and results. Since enrollment in school in Lebanon is high, reaching 98% and 81% respectively for age groups 6-11 years and 12-17 years [48] , schools are a critical site for intervention. A ministerial decree banned smoking in Lebanese schools as far back as 1993, and a comprehensive tobacco-control law-which included bans on smoking in all public places such as schools-was enacted in 2011. However, enforcement of these policies remains variable. Education about the consequences of tobacco use is also required as part of the National curriculum for all schools in Lebanon, but is not implemented comprehensively. In this very lax policy environment, with the realistic assessment that effective enforcement was not likely in the near term, we chose to develop and implement a school-based intervention despite the evidence of general lack of effectiveness of school-only interventions for cigarette smoking prevention. Our decision was based on the epidemic of WTS among an increasingly young age group, a commitment to the right to information, and to enhancing knowledge and skills using the most up-to-date knowledge and approach. We hypothesized that the intervention would lead to changes in knowledge, attitudes and behavior of the students randomized to the intervention as compared to their peers in the control group.
Methods
This study is a randomized controlled trial [49] of a school-based intervention to prevent waterpipe use, which was conducted in Lebanon during the 2011-2012 academic year.
Sample Size
This Lebanon RCT was a part of a larger research project that also included a similar intervention in Qatar [50] . The sample size (for both countries) was calculated based on the following assumptions: the estimated mean baseline value of waterpipe use (50% in Lebanon [22] ); a decrease of 10% in the absolute prevalence of waterpipe use among students randomized to the intervention group; a p-value of 0.05; a power of 80%, a loss to follow-up (drop-out) of 15%; and an intra-class correlation of 0.03 based on an earlier intervention conducted in Lebanon among school children in 5th and 6th grades attending United Nations Refugee and Works Agency for Palestine (UNRWA) schools in Burj El Barajneh camp of Beirut. Due to the significantly higher prevalence of current waterpipe use among this age group in Lebanon, the sample size needed in Lebanon was less than that needed in Qatar. However, for comparability purposes, equal sample sizes were taken in both countries, with the requirement being the minimum needed in Qatar (n = 2600).
The sampling frame included all public and private Lebanese schools registered at the Ministry of Education and Higher Education (MEHE) across all Lebanese Governorates and enrolling at least 60 students in grade 6 and/or grade 7. Based on the above assumptions, and on the total number of students and proportion of public versus private education in Lebanon, the target sample size was 40 schools, with a distribution of 24 private versus 16 public schools.
Randomization
Forty schools were selected by stratified random sampling according to the proportion of public vs private school students enrolled in each region (strata). Selected schools were then randomly assigned into intervention or control groups, prior to inviting them to participate. Schools in intervention group received ten sessions to prevent waterpipe use, while schools in control group didn't receive any sessions. Students in control schools received a pamphlet after pre-assessment data collection on harmful effects of waterpipe smoke on the human body.
Schools were invited to participate in August-September 2011. When a selected school refused to participate, we randomly selected another one from the same region, and assigned it to the same group as the one originally selected. Overall, we invited 50 schools to participate, out of which 32 agreed to participate (16 private, and 16 public). Of these 32, 15 had been randomly assigned to the intervention group and 17 to the control group-i.e., there were more refusals in the schools assigned to intervention groups despite the fact that schools were blinded to group before they agreed. One intervention school dropped out after receiving the first intervention session. These 31 schools included 17 (55%) in urban areas, 16 (52%) private, and 25 (81%) mixed gender. Within participating schools, class sections were randomly selected to ensure about 60 students per school. Eligibility criteria for participants in the intervention trial were therefore that they were 6th or 7th graders in one of the eligible and participating schools randomly selected from the MEHE roster. A total of 2142 6th and 7th grade students (mean age: 12.27; SD: 1.12) were sampled from these schools: parental consent was granted for 1658 students (response rate = 77.4%), out of which 1622 students agreed to participate (response rate = 97.7%). One intervention school and one control school were lost to post-test follow-up leaving 13 intervention schools and 16 control schools from which data was collected at post-test.
Intervention
The intervention consisted of ten sessions carried out over 5 months (January-May 2012) on school premises and during school hours. The intervention was implemented by 6 trained facilitators using an intervention manual to ensure consistency. In line with best practices, intervention sessions focused on a social influence approach; used social cognitive theory constructs [51] ; and were interactive rather than didactic. The ten sessions of the intervention were organized as follows: four sessions were knowledge-based, and the other six were skill-based, including: media critical analysis, decision-making skills, refusal skills and social promise. More information on the intervention can be found elsewhere [52] .
Outcomes
Behavioral, attitudinal, and knowledge-related outcomes were measured through self-administered surveys completed by participating students during school hours at 2 points in times: time 1 (pre-intervention) and time 2 (immediately post intervention). A pre-test (baseline measurement) was administered to all participating students prior to randomization. Immediately following the intervention, a post-assessment was administered to all participating students of schools in both intervention and control groups. The post-assessment was identical to the baseline, except for one section administered to the intervention group students that included process evaluation questions. A unique identifier was assigned to each participating student for the purpose of linking the pre-tests to the post-assessments; however, no names appeared on the survey. Figure 1 shows the participant flow from recruitment to post-assessment. 5 dropped out after receiving the first intervention session. These 31 schools included 17 (55%) in urban areas, 16 (52%) private, and 25 (81%) mixed gender. Within participating schools, class sections were randomly selected to ensure about 60 students per school. Eligibility criteria for participants in the intervention trial were therefore that they were 6th or 7th graders in one of the eligible and participating schools randomly selected from the MEHE roster. A total of 2142 6th and 7th grade students (mean age: 12.27; SD: 1.12) were sampled from these schools: parental consent was granted for 1658 students (response rate = 77.4%), out of which 1622 students agreed to participate (response rate = 97.7%). One intervention school and one control school were lost to post-test follow-up leaving 13 intervention schools and 16 control schools from which data was collected at post-test.
Intervention
The intervention consisted of ten sessions carried out over 5 months (January-May 2012) on school premises and during school hours. The intervention was implemented by 6 trained facilitators using an intervention manual to ensure consistency. In line with best practices, intervention sessions focused on a social influence approach; used social cognitive theory constructs [51] ; and were interactive rather than didactic. The ten sessions of the intervention were organized as follows: four sessions were knowledgebased, and the other six were skill-based, including: media critical analysis, decision-making skills, refusal skills and social promise. More information on the intervention can be found elsewhere [52] .
Outcomes
Behavioral, attitudinal, and knowledge-related outcomes were measured through self-administered surveys completed by participating students during school hours at 2 points in times: time 1 (preintervention) and time 2 (immediately post intervention). A pre-test (baseline measurement) was administered to all participating students prior to randomization. Immediately following the intervention, a post-assessment was administered to all participating students of schools in both intervention and control groups. The post-assessment was identical to the baseline, except for one section administered to the intervention group students that included process evaluation questions. A unique identifier was assigned to each participating student for the purpose of linking the pre-tests to the post-assessments; however, no names appeared on the survey. Figure 1 shows the participant flow from recruitment to post-assessment. 
Variables
The survey included 4 sections: socio-demographics, knowledge, attitudes, and behaviors. The development of the survey has been described previously [53, 54] . We describe only those variables from each section that are used in the current analysis. The section on socio-demographics included age, sex, governorate, student's self-reported school performance (below average of students in my class, average, above average), self-reported family socio-economic status (much poorer & poorer, no difference, wealthier & much wealthier than others your age), grade level (6th or 7th grade), and school type (private and public). Participants were asked 15 true/false knowledge questions related to the effects of waterpipe or constituents of waterpipe tobacco smoke; and 13 agree/disagree attitude questions. For behaviors, the survey included questions about whether each parent smoked cigarettes and/or waterpipe. The survey also asked about whether the participants had ever smoked waterpipe; were current waterpipe smokers (smoked at least once in the last month); and had attempted to quit smoking waterpipe (only asked of those who responded that they had smoked waterpipe at least once in the last month). The survey was available in Arabic and English and each school chose the language they preferred.
Blinding
At the time of recruitment, all school administrations, parents, and students were kept blinded to the group assignments, i.e. whether the school belonged to the intervention or to the control group. Data collectors (who were the intervention implementation team) for the pre-assessment were also blinded. At post-assessment, data collectors were not blinded-however, the implementation team switched schools, so none conducted the post-assessment at a school where they had implemented the intervention.
Ethical Considerations
This study was granted approval from the MEHE and Institutional Review Board at the American University of Beirut, Lebanon (FHS-RA-11). Approvals were also obtained from schools' principals, and consent and assent from the parents and students respectively.
Analysis
Demographic and baseline characteristics of students and their schools were summarized and compared between the two study arms using the Chi-squared test except for students' age where the independent t-test was used.
Between study arms differences in students' answers on knowledge, attitude and behavioral questions at baseline and then post intervention were compared using the chi-squared or Fisher's exact test when needed and were also adjusted for the possible clustering effect for students within each school.
The McNemar test was used to assess changes on the outcome measures at post intervention as compared to baseline values within each study arm (results not shown here but available from authors).
Increase in knowledge (more knowledgeable about the harms of WTS) and attitude (more negative attitude towards WTS) scores were computed by taking the post minus pre sum of total correct answers on the knowledge questions or total desirable answers on the attitude questions. For each question answered correctly a point was given, and zero otherwise (whether it was a wrong answer or "I don't know"). Those scores were compared between the intervention and control arm using simple linear regression, and differences±standard errors are presented with two the p-values adjusted for clustering. Those differences were also adjusted for the demographics variables using multiple linear regression and results are presented in a similar manner as described above.
The logistic regression model was used to assess the difference in each of the behavior questions between the two study arms in a univariate fashion and then adjusting for possible clustering and baseline demographic values using multivariate logistic regression. Unadjusted and adjusted OR along with their 95% confidence intervals are presented in addition to p-values adjusted for clustering.
Participants who answered less than 40% of the questions were excluded (n = 343). All analyses were done using STATA (version 12, College Station, TX, USA) and IBM-SPSS (version 22, Armonk, NY, USA) and a p-value of 0.05 or less was considered statistically significant.
Results
Overall, 1279 students (hereafter called participants) completed the pre and post assessment. Participants were almost equally distributed among the intervention (52.6%) and control (47.4%) groups. About half (51.3%) were female, in public schools (49.4%), and in grade 7 (53.2%). Participants came from all the Lebanese governorates. The majority of our participants perceived that they had average grades (65.9%), and that their family socioeconomic status was the same as others their age (71.4%) ( Table 1 ). There were no differences between intervention and control group participants on most socio-economic characteristics. Only governorate and grade levels were significantly different between the two groups ( Table 1) . 
Effects of the Intervention on Knowledge Regarding WTS
At pre-assessment, there were no differences in knowledge between the participants from the intervention and control groups, except in one question assessing knowledge of bladder cancer as a consequence of WTS. This suggests group equivalence in knowledge at pre-assessment. Generally, over 75% of the participants in both groups correctly identified lung cancer, respiratory and heart problems as consequences of WTS. And about 75% of the participants in both groups correctly denied that the fruit in the waterpipe tobacco make it a healthier choice; and that the water in the waterpipe bowl helps clean the toxic substances. Only about 50% of the participants in both groups correctly stated that WTS was addictive, and that waterpipe tobacco has nicotine in it. Other results are shown in Table 2 .
Conversely, at post-assessment, knowledge of intervention participants was significantly higher than that of control participants on 11 of the 15 knowledge questions after adjusting for the possible clustering effect in each school, and not different on three. Over 90% of intervention group participants correctly stated that WTS can cause lung cancer, oral cancer, heart and respiratory problems and addiction; and that waterpipe tobacco has nicotine in it. Other results are shown in Table 2 .
Effects of the Intervention on Attitudes Regarding WTS
At pre-assessment, there were no differences in attitudes between the participants in the intervention and control group, except for one item. This suggests group equivalence in attitudes at pre-assessment. Attitudes were generally not favorable to WTS. Close to or over 70% of participants in both groups agreed that smoking the waterpipe is a bad habit, and disagreed that if they smoked waterpipe, they would have more friends or would be more attractive. However, only about half of both groups agreed if they smoke waterpipe, they could get addicted to it; or would be more likely to get oral cancer when they grow up than if they do not smoke waterpipe. The only significant difference in attitudes between the two groups was in relation to difficulty in quitting. More of the intervention group participants than control group participants agreed that "once someone has started using the waterpipe, it is difficult to quit." More results shown are shown in Table 3 .
At post-assessment, three (out of 13) of the attitude items were significantly different between the two groups after adjusting for the possible clustering effect within each school, with the intervention group having more negative attitudes towards WTS on these items than the control group. Intervention participants were significantly more likely to agree that if they smoke waterpipe, they could get addicted, and that they are more likely when they grow up to get lung, oral, and bladder cancer as well as heart problems than if they do not smoke it. More results are shown in Table 3 .
Effects of the Intervention on WTS Behavior
The survey asked 3 questions about WTS behavior: ever use, current use (use at least once in the last month), and quit attempts. None of these questions was significantly different at pre-assessment between intervention and control group participants. Approximately 43% of 6th and 7th grade participants in both groups had ever tried a waterpipe; about 37% had smoked a waterpipe at least once in the last month; and about 42% had tried to quit smoking waterpipe (data not shown).
Similarly, at post-assessment, there was no significant difference in behavior between the intervention and control group participants on these items (data not shown). Table 4 summarizes the impact of the intervention by comparing knowledge, attitudes, and behaviors of the intervention group as compared to the control group. The summary variable for knowledge and attitude indicates significant difference in post test knowledge and attitudes between the intervention and control group participants controlling for pretest knowledge and attitudes respectively. The table also confirms the null impact of the intervention on behaviors after adjusting for the clustering effect. 
Discussion
This study described the effectiveness of a RCT of a nationally-implemented school-based waterpipe tobacco smoking prevention intervention in Lebanon. Our sample of 6th and 7th graders are the youngest to date to be participants in research about the effectiveness of an intervention to prevent and control WTS. Our results suggest that the intervention was successful in enhancing knowledge of intervention group participants-as compared to control group participants-about WTS constituents and health consequences; and in shifting attitudes of intervention group participants to be even more unfavorable towards WTS. We found no impact of the intervention on WTS behaviors.
The effectiveness of the intervention on knowledge and attitudes supports previous scholarship on the impact of individual and group intervention to prevent or control waterpipe use. Positive effects were found in almost all interventions which measured changes in knowledge [40, 42, 44] . Essa-Haddad et al. [43] attributed their lack of impact on knowledge change to universally high knowledge of the consequences of tobacco use at baseline. Although the specific items they used on the survey were not included in their publication, the text of their publication suggests that the knowledge items on the survey may have been general to various tobacco types, and not specific to waterpipe, which may also explain their results. Attitudes and perceptions of risk were also positively impacted by previous interventions [40, [44] [45] [46] [47] . The surprising finding in our intervention was the already high negative attitude towards waterpipe smoking exhibited by our participants pre-intervention. The intervention was able, however, to enhance those attitudes even further.
The lack of intervention effect on behavior change is not surprising. In fact, students in both the intervention and control group were more likely to report waterpipe smoking in the past month at post assessment as compared to pre-assessment. This is somewhat expected. Evidence from epidemiological trend data [55] as well as experimental intervention reports [56, 57] indicate that smoking prevalence increases throughout the school year. Previous waterpipe interventions that have found effect on behavior change were implemented with older students and measured behavior at least 2 months following intervention [41, 43] . The study that most closely matched our participants in terms of age group [40] showed no impact on behavior 2 months after the initiation of the intervention. More broadly, a recent substance use intervention based on the social-influences model and implemented in 7 European countries and 70 schools with students of similar ages to those in our intervention (12-14 year olds) found no intervention effect on cigarette use (quitters or reducers) among cigarette smokers, although the intervention was able to decrease alcohol and cannabis risk behaviors when measured 9 months after pre-assessment [57] .
We assessed behavior immediately following the intervention. Behavioral theory suggests that behavior is preceded by changes in knowledge and attitudes [58] , and that this temporality may require days, weeks, or months to detect. Although our original protocol included a 6-month follow-up, various delays in implementation resulted in an inability to collect data at follow-up. More importantly, ecological models generally [59] , and best practices in tobacco control more specifically [25] [26] [27] , underscore the importance of comprehensive multi-level programs-including supportive environments-to promote behavior change. The context in which the current intervention was implemented is antithetical to a supportive environment. A variety of contextual factors affected implementation, including factors at the country level, at the school level, and related to social norms around waterpipe smoking. At the country level, during the time of the intervention, political unrest made it difficult to implement the intervention both for practical reasons (reaching schools) as well as relevance reasons-WTS as a topic sometimes seemed trivial to discuss amidst daily living struggles and concerns of students. We faced school-based contextual challenges such as traditional teaching methods, structural barriers (lack of electricity), and family issues that students were dealing with. Finally, the socio-normative environment of tobacco use in Lebanon is quite supportive of tobacco use, and particularly waterpipe. Students told us of school trips where they were offered and smoked waterpipes. Despite a policy prohibiting smoking in schools, many schools allow smoking on their premises. We have described these contextual challenges to this intervention more fully previously [52] . All the above contextual factors make efforts to effectively message around tobacco prevention and control difficult; and suggest that we may not have found changes in behavior even with a follow-up assessment. In context of high uncertainty and/or of extreme disadvantage, and which lack policy/regulatory attention to tobacco control, it is unclear what combination of interventions will be most impactful in controlling youth tobacco use. More research, dialogue and analysis are needed in the public health community to strengthen the evidence base in these types of settings.
The strengths of this intervention include the robust RCT evaluation design; a nationally representative sample; and that the intervention was guided by health behavior theory. Limitations include the lack of a follow-up assessment that might have been able to capture changes in behavior. In addition, our sample was slightly skewed towards participants from public schools. In Lebanon, 60% of students attend private schools. Our sample is more evenly distributed between public and private school students, given the higher refusal rate of private schools that were selected to participate. Our measures of behavior were self-reported but self-report has been shown to be a valid indicator of youth tobacco use [60] . Also, for some of the knowledge questions, the 'correct' answer was 'no' (e.g. 'The fruits in the tobacco make the waterpipe a healthier choice'). However, those came towards the end of the knowledge questions, and it is possible that students answered 'yes' without carefully reading. Finally, social desirability is always a possible bias in research. We attempted to control the extent of this bias by ensuring that the data collectors were different from the implementation team at post-test-as described in the blinding section above.
Future research should evaluate other intervention approaches such as community mobilization, counter-messaging and waterpipe specific mass media campaigns and document their effectiveness in changing social norms around WTS and denormalizing WTS. For practice, and policy, enforcement of the WHO MPOWER strategies should work synergistically to create environments supportive of behavior change related to WTS [61] . WHO MPOWER strategies include monitoring tobacco use and prevention policies; protecting people from tobacco smoke by enforcing public smoking bans; offering cessation services; warning about the dangers of tobacco mainly through health warnings on tobacco packages; enforcing bans on tobacco advertising, promotion and sponsorship; and fiscal policies to curb tobacco use. Regular surveillance in countries where MPOWER measures are enforced provide opportunities to test effectiveness of the various strategies in curbing WTS among youth and other vulnerable populations.
Conclusion
Evidence-informed school-based waterpipe prevention interventions that integrate behavior change theory and social-influences approaches are effective in changing knowledge and attitudes of young persons. Their ability to impact behavior is less clear, particularly in difficult contexts, and where social norms tend to be pro smoking. More research is needed to understand what combination of interventions work best in these contexts for comprehensive tobacco control.
